A novel Gram-stain-positive, motile, endospore-forming, rod-shaped bacterium, designated strain NEAU-3TGS17
Microbial products play important roles in drug discovery and have been used for the treatment of various diseases for decades [1, 2] . However, the traditional screening for new bioactive substances from soil-derived micro-organisms results in the frequent rediscovery of known compounds, implying that the easily accessible micro-organisms in soil have been exhausted [3] . To address this problem, many efforts have been moved towards expanding the source of micro-organisms by carrying out ecological assessments of environments other than terrestrial soils [4] [5] [6] . As one of the more complex biological systems in nature, the insectmicrobial symbiosis has been noted as a potential source of useful compounds. Recently, several novel compounds with biological activity have been isolated from insect-associated microbes [3, 4, [7] [8] [9] . The genus Psychrobacillus was proposed by Krishnamurthi et al. [10] following a re-examination of rRNA group 2 of the genus Bacillus. Members of this genus are characterized by a distinctive A4b-type peptidoglycan with ornithine as the diamino acid and menaquinone 8 (MK-8) as the major isoprenoid quinone. At the time of writing, the genus includes four species with validly published names: Psychrobacillus insolitus, Psychrobacillus psychrotolerans, Psychrobacillus psychrodurans and Psychrobacillus soli [10, 11] . During the course of a study on the culturable bacterial communities associated with ants, a new bacterium, strain NEAU-3TGS17
T , was isolated from the head of Lasius fuliginosus. Based on phenotypic and genotypic data and phylogenetic inference, it is proposed that the new isolate represents a novel species of the genus Psychrobacillus.
Strain NEAU-3TGS17
T was isolated from the head of L. fuliginosus collected on the campus of Northeast Agriculture University (Harbin, Heilongjiang, China). L. fuliginosus individuals were caught under a willow tree adjacent to their formicary. Ten individuals were surface-disinfected in 70 % ethanol for 60 s and then washed three times in sterile distilled water. Surface-disinfected individual ants were divided into head, mesosoma and gaster, and each body part was separately placed into 500 µl sterile water with shaking on a rotary shaker at 180 r.p.m. at 28 C for 30 min. Subsequently, a 200 µl sample of the suspension of the heads was spread on nutrient agar (NA). After 10 days of aerobic incubation at 28 C, colonies were transferred and purified on tryptic soy agar (TSA) and maintained as glycerol suspensions (30 %, v/v) at À80 C. P. psychrodurans DSM 11713 T , P. insolitus DSM 5 T and P. psychrotolerans DSM 11706 T were purchased from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ). P. soli NBRC 110600 T was purchased from the Japan Collection of Biological Resource Center, NITE (NBRC). All the strains were cultured under the same conditions for comparative analysis.
In order to characterize strain NEAU-3TGS17
T , standard phenotypic tests were selected according to the recommendations of the minimal standards for describing new taxa of aerobic, endospore-forming bacteria [12] . Colony morphology of strain NEAU-3TGS17
T was observed after 2 days of incubation at 28 C on TSA. Cell morphology was examined by transmission electron microscopy (Hitachi H-7650). Sporulation was induced on TSA containing 5 mg MnSO 4 l
À1
, with growth at 28 C for 48 h. The presence of endospores was investigated by using the Schaeffer-Fulton staining method [13] . Motility was detected by the presence of turbidity throughout tubes containing semi-solid medium and was further confirmed by the hanging-drop method [14, 15] . Gram staining was performed as described by Smibert and Krieg [16] , in parallel with the KOH lysis method [17] . The utilization of organic compounds as sole carbon and energy source, decomposition of cellulose, hydrolysis of starch and aesculin, reduction of nitrate, peptonization of milk, liquefaction of gelatin and production of H 2 S were analysed as recommended by Ventosa et al. [18] . Anaerobic growth was tested on TSA for up to 2 weeks at 30 C in Bacteron anaerobic chambers (Sheldon Manufacturing). Hydrolysis of Tweens 20, 40 and 80 and production of oxidase, catalase, esterase and urease were tested as described by Smibert and Krieg [16] . Other physiological and biochemical characteristics were determined using API 20NE, API 50CH and API ZYM strips with API 50CHB suspension medium (bioM erieux) according to the manufacturer's protocols. Growth at different temperatures (0-45 C, steps of 1 C below 5 C and then intervals of 5 C) was determined in tryptic soy broth (TSB) after incubation for 7 days. Growth tests for pH range (4.0-12.0 in 1.0 pH unit intervals) and NaCl tolerance [0-10 % (w/v) in 1 % intervals] were determined in TSB medium at 28 C for 7 days on a rotary shaker. The buffer systems were: pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 ; pH 11.0-12.0, 0.2 M KH 2 PO 4 /0.1 M NaOH [19] . Growth was determined by monitoring the turbidity at OD 600 by using a spectroscopic method (U-3900; Hitachi) and plate counting. Antibiotic susceptibility was determined by culture for 5 days at 28 C on TSA containing (µg ml
): ampicillin (200), kanamycin (25) , nalidixic acid (50), cycloheximide (50), chloramphenicol (25) , neomycin (30) , thiostrepton (25) , erythromycin (100), hygromycin (50) and apramycin (30) .
For phylogenetic analysis, the genomic DNA was extracted using standard methods [20] . The 16S rRNA gene was PCR-amplified with the universal primers 27F (5¢-AGAG TTTGATCCTGGCTCAG-3¢) and 1541R (5¢-AAGGAGG TGATCCAGCC-3¢) under conditions described previously [21] . The PCR product was purified and cloned into the vector pMD19-T (Takara) and sequenced by using an Applied Biosystems DNA sequencer (model 3730XL) and software provided by the manufacturer. Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzBioCloud server [22] . The almost full-length 16S rRNA gene sequence of strain NEAU-3TGS17 T (1518 bp) was obtained and aligned with multiple sequences obtained from the GenBank/EMBL/DDBJ databases using CLUSTAL X 1.83 software. Phylogenetic trees were reconstructed with the neighbour-joining [23] , maximum-likelihood [24] and maximum-parsimony [25] algorithms using MEGA software version 6.06 [26] . Phylogenetic distances were calculated with the Kimura two-parameter model together with Gamma distribution and invariant sites (K2+G+I) for the neighbour-joining and maximum-likelihood methods, respectively [27, 28] . In addition, a heuristic search was performed using nearest-neighbour interchange branch swapping in maximum-likelihood inference. The stability of the clades in the trees was appraised using a bootstrap procedure with 1000 repeats [29] . All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). The root position of the trees was inferred by using Paenibacillus polymyxa IAM 13419
T as an outgroup.
For determination of DNA G+C content, the genomic DNA was determined using the thermal denaturation (T m ) method [30] with Escherichia coli JM109 as the control. For analysis of DNA-DNA hybridization, levels of DNA-DNA relatedness between strain NEAU-3TGS17 T , P. psychrodurans DSM 11713 T , P. insolitus DSM 5 T , P. psychrotolerans DSM 11706
T and P. soli NBRC 110600 T were determined as described by De Ley et al. [31] and Huss et al. [32] , using a model Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian).
Cellular fatty acids were analysed from cultures at the late exponential phase of growth in TSB medium. Cells were harvested by centrifugation, washed with distilled water and freeze-dried. The phospholipids were examined by two-dimensional TLC and identified using the method of Minnikin et al. [33] . Menaquinones were extracted from freeze-dried biomass and purified according to the protocol of Collins [34] . Extracts were analysed by a HPLC-UV method [35] using an Extend-C18 column (150Â4.6 mm, i.d. 5 µm; Agilent), typically at 270 nm. The isomer of diamino acid in the whole-cell hydrolysates was derivatized according to McKerrow et al. [36] and analysed by HPLC [37] using an Agilent TC-C 18 column (250Â4.6 mm, i.d. 5 µm). Fatty acid methyl esters were extracted and analysed using the Microbial Identification System (MIDI) as described previously [38] .
Morphological features showed that cells of strain NEAU-3TGS17
T were Gram-stain-positive, endospore-forming and rod-shaped with a size range of 1.9-2.1Â0.6-0.7 µm (Fig. S1 , available in the online Supplementary Material). Endospores were centrally located and did not swell the mother cell. Cells were motile, and the motility was further confirmed by the presence of flagella (Fig. S1 ). After 2 days of incubation on TSA, colonies of strain NEAU-3TGS17 T were 1.5-2.5 mm in diameter, cream-coloured, smooth, convex and circular with entire margins. Strain NEAU-3TGS17 T grew well on TSA but weakly on NA. It could grow in the presence of 0-6 % (w/v) NaCl. The temperature range for growth was 0-35 C, with the optimum temperature being [28] [29] [30] C. Growth was observed at pH 6.0-11.0, with the optimun pH being 7.0-8.0. Strain NEAU-3TGS17 T was resistant to nalidixic acid and cycloheximide, but sensitive to ampicillin, kanamycin, chloramphenicol, neomycin, thiostrepton, erythromycin, hygromycin and apramycin. Detailed physiological and biochemical properties are given in the species description.
The DNA G+C content of strain NEAU-3TGS17 T was 35.8 ±0.7 mol%, which is within the range reported for the genus Psychrobacillus [10] . Strain NEAU-3TGS17
T contained A4b-type peptidodoglycan with ornithine as the diamino acid [10] . Like other species of the genus Psychrobacillus, the main polar lipids of NEAU-3TGS17
T consisted of diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine (Fig. S2) . In addition to these lipids, each of the strains examined also had its own characteristic lipids. For example, P. insolitus DSM 5
T contained an unknown aminolipid; additional unknown lipids were observed in P. insolitus DSM 5 T , P. psychrodurans DSM 11713 T and P. psychrotolerans DSM 11706 T ; only one unknown lipid was detected in P. soli NBRC 110600 T (Fig.  S2) . The predominant menaquinones found in strain NEAU-3TGS17
T were MK-8 (52.9 %) and MK-7 (32.9 %) followed by MK-9 (8.6 %) and MK-6 (5.6 %). The major 
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Sporosarcina siberiensis 1111S-42 T (KF258678) (Table S1 ). For example, C 16 : 0 (11.2 %) was considered as a major component in strain NEAU-3TGS17 T , while it was a minor component (<5 %) in the related strains.
Results of BLAST sequence analysis of the 16S rRNA gene (1518 bp) indicated that strain NEAU-3TGS17
T is related to members of the genus Psychrobacillus. The EzBioCloud analysis showed that strain NEAU-3TGS17
T was most closely related to P. psychrotolerans DSM 11706 T , P. insolitus DSM 5 T , P. psychrodurans DSM 11713 T and P. soli NBRC 110600
T with 98.4, 98.5, 98.6 and 99.1 % gene sequence similarity, respectively. The phylogenetic tree demonstrated that strain NEAU-3TGS17
T clustered with members of the genus Psychrobacillus and formed a robust clade with the related species P. soli NBRC 110600 T (supported by a bootstrap value of 60 %) in the neighbourjoining tree (Fig. 1) T was used as probe, and the resulting DNA-DNA hybridization values between NEAU-3TGS17 T and P. psychrotolerans DSM 11713 T were 52.2 and 59.6 %, respectively. These values were below the threshold value of 70 % recommended by Wayne et al. [39] for assigning strains to the same genomic species. Thus, we suggest that strain NEAU-3TGS17 T should be considered as a representative of a unique genomic species of the genus Psychrobacillus.
The main phenotypic characteristics differentiating strain NEAU-3TGS17
T from members of other species of the genus Psychrobacillus were compared and are listed in Table 1 . For example, strain NEAU-3TGS17
T can grow at a temperature of up to 35 C, which is lower than that of P. soli NBRC 110600 T (40 C) but higher than that of other members of the genus Psychrobacillus (25 and 30 C). Additionally, when compared to the mostly closed strain P. soli NBRC 110600 T , differences were observed in nitrate reduction, hydrolysis of gelatin, hydrolysis of Tweens 20, 40 and 80, utilization of sucrose, inositol and arabinose as sole carbon sources, and utilization of arginine, serine and glycine as sole carbon and nitrogen sources. Moreover, strain NEAU-3TGS17
T can be distinguished from other members of the genus Psychrobacillus in hydrolysis of urea and utilization of L-aspartic acid as sole carbon and nitrogen source.
In conclusion, the phenotypic and chemotaxonomic properties of strain NEAU-3TGS17
T together with 16S rRNA gene 
